Recent research on individuals with autism spectrum disorders (ASD) highlights that they may be at increased risk for health problems when compared to the general population, and that these differences appear to increase with age. Relatively little research has examined the psychosocial impact of poorer health in this population, even though the clinical literature suggests that health problems put individuals with ASD at risk for elevated behavioral problems and their mothers at risk for elevated caregiving burden. This study examined the associations of physical health and behavior problems, as well as the associations of these factors with maternal burden, using longitudinal data. Results indicated that prior ratings of physical health problems predicted subsequent levels of behavior problems. Further, behavior problems partially mediated the effect of health problems on maternal burden. Implications for policies and interventions that focus on health promotion in conjunction with treatment of behavior problems are discussed, along with directions for future research.
Introduction
Many individuals who have autism spectrum disorders (ASD) experience elevated levels of health problems (Filipek, 2005; Volkmar & Wiesner, 2004) . Both global physical health problems and specific physical health symptoms, such as gastrointestinal (GI) problems, have received particular attention in recent studies (Erickson et al., 2005; Filipek, 2005) . Anecdotal and clinical literature has reported the association between physical health and behavior problems in ASD (e.g., Goldson & Bauman, 2007; Volkmar & Wiesner, 2004) . Clinicians recognize that physical health is often compromised in adolescents and adults with ASD (Barnhill, 2007) , and speculate that the unique features of autism (i.e., impairments in communication and social interaction) can make it difficult for individuals to cope with their physical health problems and associated pain, often leading to behavior outbursts (Carr & Owen-DeSchryver, 2007; Groden, Cautela, Prince, & Berryman, 1994) .
Despite the clinical literature, studies demonstrating the association of the physical health of individuals with ASD with behavioral functioning are rare (Horvath & Perman, 2002) .
Although it is recognized that health problems can lead to behavior problems (Volkmar & Wiesner, 2004) , behavioral management programs for individuals with ASD have rarely considered physical health problems in their treatment protocols. Traditionally, the first line of treatment for behavior problems includes behavior modification strategies that focus on targeting the overt behavior problems displayed by the individual with autism, as well as pharmacological treatments (Dawson, Matson, & Cherry, 1998; Eldevik, Eikeseth, Jahr, & Smith, 2006; Horner, Carr, Strain, Todd, & Reed, 2002; McDougle et al., 2005) . However, if physical health is an underlying contributor to behavior problems, it would suggest another important strategy for intervention.
Of additional importance is impact of physical health problems in individuals with autism on the well-being of their caregivers. Mothers, who are often the primary caregivers of individuals with ASD, may worry about a son or daughter's health, and health problems can necessitate additional caregiving responsibilities, such as increased frequency of doctor visits and medication management. Some studies have noted a relationship between health problems in adolescents and adults with ASD and maternal well-being (e.g., Kring, Greenberg, & Seltzer, 2008; , and the relationship between behavior problems and maternal burden has been well established (e.g., Abbeduto et al., 2004; Blacher & McIntyre, 2006; Hastings et al., 2005; Herring et al., 2006; Lecavalier, Leone, & Wiltz, 2006) . However, studies have yet to examine how health and behavior problems might operate in conjunction to exacerbate maternal burden.
This study begins to fill these gaps by examining two research questions:
1.
What is the impact of physical health problems on the level of behavior problems in adolescents and adults with ASD?
2. Is the presence of health problems in adolescents and adults with ASD related to higher levels of maternal burden? Do behavior problems mediate the relationship between physical health in adolescents and adults with ASD and maternal burden?
Prevalence of Physical Health Problems in ASD
Comparative studies have found that children with ASD have poorer health (Gurney, McPheeters, & Davis, 2006) and more compromised immunity, such as more ear infections and higher use of antibiotics (Niehus & Lord, 2006) , than typically developing children. Approximately one out of every four individuals with autism experiences seizures, which is remarkably higher than rates in the general population (Filipek, 2005; Danielsson, Gillberg, Billstedt, Gillberg, & Olsson, 2005) . While seizures can be evident as early as infancy, they often develop around the onset of puberty Fombonne, 2003) . Similarly, studies of gastrointestinal (GI) problems in individuals with ASD, such as diarrhea and constipation, often have their onset during adolescence (Azfal et al., 2003; Horvath, Papadimitriou, Rabsztyn, Drachenberg, & Tildon, 1999; Molloy & ManningCourtney, 2003; Valicenti-McDermott et al., 2006) . Thus, the available research indicates that adolescence is a period of increased risk for developing chronic health problems in individuals with autism.
Behavioral Implications of Physical Health Problems
Horvath and Perman (2002) reported higher rates of sudden aggression in a sample of children with ASD who had GI problems compared to those with ASD and no GI problems. Studies in the general developmental disabilities (DD) literature have demonstrated an association between health problems and behavior problems. Carr and Owen-DeSchryver (2007) found an association between illness and problem behavior, as well as pain and problem behavior, in a small clinical sample of individuals with DD who had low verbal ability. Carr, Smith, Giacin, Whelan, and Pancari (2003) found that a multifaceted intervention providing pain reduction and other health-related supports during menstrual discomfort was effective in reducing behavior problems for three women diagnosed with developmental disabilities. In a single-subject design study on adults with DD, different types of seizures were associated with different patterns of problem behaviors (Roberts, Yoder, & Kennedy, 2005) . The clinical literature similarly suggests an association between health and behavior problems (Kennedy & Thompson, 2000) , and particularly suggests consideration of health antecedents in behavioral treatment (Kennedy & O'Reilly, 2006) 
Impacts of Physical Health and Behavior Problems on Maternal Well-Being
Many studies have demonstrated that mothers of children with ASD experience higher levels of stress and mental health symptoms than mothers of typically developing children and children with other types of disabilities (Abbeduto et al., 2004; Blacher & McIntyre, 2006; Eisenhower, Baker, & Blacher, 2005; Greenberg, Seltzer, Krauss, Chou, & Hong, 2004; Weiss, 2002) . Studies consistently find a strong association between behavior problems and compromised maternal well-being (Abbeduto et al., 2004; Allik, Larsson, & Smedje, 2006; Hastings, 2003; Hastings et al., 2005; Herring et al., 2006; Lecavalier et al., 2006) . By contributing to an increase in behavior problems, chronic health problems in individuals with autism may indirectly take a long-term toll on the well-being of maternal caregivers.
In addition, there is growing evidence that poorer health in adolescents and young adults with ASD is related to a poorer quality mother-child relationship, higher levels of maternal anxiety, and higher levels of maternal burden (Kring et al., 2008; Lounds et al., 2007; Orsmond, Seltzer, Greenberg, & Krauss, 2006) . Thus, health problems in adolescents and adults with autism may have both direct and indirect (via behavior problems) effects on maternal burden.
Research Aims and Hypotheses
The first research question focused on the relationship between physical health and behavior problems. Based on the available clinical and research literature, we hypothesized that initial levels of physical health would predict behavior problems 18 months later in individuals with ASD, controlling for initial levels of behavior problems. We analyzed a lagged model because we expected the effects of health problems would unfold over time, leading to increasing behavior problems. For our second research question, we predicted that behavior problems would mediate the relationship between health problems in individuals with ASD and maternal burden. The conceptual model illustrating the hypothesized mediation effect is portrayed in Figure 1 .
Methods

Sample and Procedures
The present analysis used a subsample drawn from our larger ongoing longitudinal study of families of adolescents and adults with autism (n = 406; Seltzer et al., 2003) . The criteria for inclusion in the larger study were that the son or daughter with ASD was age 10 or older (age range = 10-52 at the beginning of the study), had received an ASD diagnosis (autistic disorder, Asperger disorder, or pervasive developmental disorder-not otherwise specified [PDD-NOS]) from an educational or health professional, and had a research-administered Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & Le Couteur, 1994) profile consistent with the diagnosis. Nearly all (94.6%) of the sample members met the ADI-R lifetime criteria for a diagnosis of autistic disorder. Case-by-case review of the other sample members (5.4%) determined that their ADI-R profile was consistent with their autism spectrum diagnosis (i.e., meeting the cut-offs for reciprocal social interaction and repetitive behaviors for Asperger's disorder, and meeting the cutoff for reciprocal social interaction and the cut-off for either impaired communication or repetitive behaviors for PDD-NOS).
Half of the participants lived in Wisconsin (n = 202), and half in Massachusetts (n = 204), and identical recruitment and data collection methods were used at both sites. Families were recruited through service agencies, schools, and clinics. Four rounds of data (Time 1 through Time 4) have been collected thus far (every 18 months, spanning a 4.5 year period) via selfadministered questionnaires and in-home interviews with primary caregivers (usually the mother) that typically lasted two to three hours. In addition, a separate component of the study, referred to as the Daily Diary Study, was offered to families whose sons and daughters were still living at home. This substudy, conducted shortly after the completion of the Time 4 interview, gathered data via telephone about daily stressors in the lives of mothers of adolescents and adults with ASD (for further information see Smith et al., in press ).
The present analysis examined a subset of families who were still participating fully at the third (Time 3) and fourth (Time 4) time points of the study, and who had complete data on the measures of interest (n = 275). The later waves of the study were analyzed to ensure that all the individuals with autism had entered adolescence, a period when chronic health problems often emerge (Azfal et al., 2003 , Horvath et al., 1999 . Since the beginning of the study (Time 1), a total of 79 families dropped out; 37 families could not be located; two families no longer participated because the son or daughter with ASD died; and in seven families the mother died. In addition, 6 families remained in the study at Time 4, but were missing data on the dependent variables of interest. For descriptive purposes, we compared the Time 1 characteristics of the current sample of 275 families to the 131 families that were not included in these analyses to determine if any variables were associated with attrition. The two groups were not significantly different on any characteristics of the son or daughter with ASD, including age, gender, rates of intellectual disability (ID), residential status, or initial ADI-R scores (an indicator of severity of their autism). Regarding the characteristics of the mothers, who were the primary respondents, those who remained in the study had higher education levels than mothers who did not participate (57.8% vs. 38.9% with college education, respectively; χ 2 (df = 3) = 15.776, p < .01), and were more likely to identify as White (95.6% vs. 85.3%; χ 2 (df = 1) = 11.401, p < .01).
The individuals with ASD in the present analysis ranged in age from 12.7 to 51.8 at Time 3 (M = 24.8, SD = 9.4). Nearly two-thirds (60.7%) lived with their mothers. Approximately three-fourths were male (76%). Just over two-thirds (68.4%) had intellectual disability (i.e., I.Q. scores below 70 and significant limitations in functional abilities). Sample gender characteristics and rates of intellectual disability were similar to those expected based on epidemiological studies of autistic disorder (Bryson & Smith, 1998; Fombonne, 2003) . Mothers ranged in age from 35.3 to 84.8 (mean = 53.9, SD = 10.3). Just over half of families in the present analysis (55.3%) lived in Wisconsin, and the rest lived in Massachusetts.
Measures
The key measures for the study focus on the health and behavior problems of the son or daughter with ASD and maternal burden. Overall physical health was measured by a maternal rating of her son or daughter's current health status (1 = poor to 4 = excellent). Such ratings of health have been shown to be valid assessments of morbidity and predictive of mortality across a variety of populations (for a review, see Idler & Benjamini, 1997) . Behavior problems were assessed via the Scales of Independent Behavior-Revised (SIB-R; Bruininks, Woodcock, Weatherman, & Hill, 1996) . This measure consists of eight behavior problems: behavior that is hurtful to self, unusual or repetitive, withdrawn or inattentive, socially offensive, uncooperative, hurtful to others, disruptive, and destructive of property.
The mother rates each of these behaviors on both frequency and severity during the past 6 months. Standard algorithms translate these scores into a general maladaptive index that reflects clinical categories of maladaptive behavior (1 = normal to 5 = very serious). Higher scores are indicative of more problematic behavior. Reliability and validity have been established (Bruininks et al., 1996) , and reliability is high in this sample (α = .84 at Time 3 and α = .86 at Time 4).
Mothers completed the 29-item Burden Interview (Zarit, Reever, & Bach-Peterson, 1980 ), a questionnaire that assesses subjective burden related to caregiving demands. The items ask mothers to rate their level of agreement with statements, such as, "Because of my involvement with my son/daughter, I don't have enough time for myself" (0 = not at all, 1 = somewhat, 2 = extremely). Scores can range from 0 to 58, with higher scores reflecting greater burden (Cronbach's alpha = .88).
Several background characteristics were used as control variables in the regression models. Maternal education is categorized as: "1" high school graduate or less, "2" some college, "3" bachelor's degree, "4" graduate degree. Race/ethnicity is coded "0" for White and "1" if she indicated belonging to another racial or ethnic group. Age is a continuous variable. Because a mother's age highly correlates with her son or daughter's age (r = 0.863, p < .001), only the age of the son or daughter is included. Gender of the son or daughter is coded "0" for male and "1" for female. Residential status is coded "0" if the son or daughter lives at home with the mother and "1" if the individual with ASD lives elsewhere. Intellectual disability (ID) status is a dichotomous variable that indicates whether the individual has a valid diagnosis of intellectual disability (coded "1") or not (coded "0"). ID status was determined using a variety of sources. Standardized IQ was obtained by administering the Wide Range Intelligence Test (WRIT; Glutting, Adams, & Sheslow, 2000) and adaptive behavior was assessed by the Vineland Screener (Sparrow, Carter, & Cicchetti, 1993) . Individuals with standard scores of 70 or below on both measures were classified as having ID, consistent with diagnostic guidelines (Luckasson et al., 2002) . For cases where the individual with ASD scored above 70 on either measure, or for whom either of the measures was missing, a review of records by three psychologists, combined with a clinical consensus procedure, was used to determine ID status.
Data Analysis
Correlations, means, and standard deviations are provided for descriptive purposes (see Table 1 ). Also, we describe changes in health and behavior problems over time. Differences between the initial and later measures of health and behavior problems were tested using paired t-tests. The amount of change over time in behavior problems and self-rated health are presented as well. Standardized mean differences (D scores) between the initial and later measurements were calculated for each variable, following procedures outlined by Kline (2004) . The standard deviation of the variable at Time 3 was used in creating D scores. The D scores were classified into three categories. D scores within one-half of a standard deviation above or below the initial score mean (i.e., between −.5 and .5) were classified as no change. D scores that were more than one-half of a standard deviation above or below the initial score were considered to have increased or decreased. The one-half standard deviation interval is a well-established guideline for what constitutes a medium effect size, and is sometimes also referred to as a clinically noticeable difference in clinical research (Cohen, 1988; Kline, 2004) .
Hierarchical regression analysis was used to examine our research questions. Control variables included age, gender, ID status, and residential status of the son or daughter with ASD, as well as maternal education. In preliminary analyses, we also included race as a control, but this was never significant, so it was dropped from the final models. For our first research question, in examining the effects of health at Time 3 on behavior problems at Time 4, the measure of behavior problems at Time 3 was included in the model to control for prior levels of behavior problems. To investigate our second research question, which hypothesized that behavior problems mediated the effect of health problems on caregiver burden (see Figure 1) , we used procedures outlined by Baron and Kenny (1986) . The criteria for mediation are: (1) that the independent variable (Time 3 physical health) is significantly related to the dependent variable (Time 4 maternal burden); (2) that the independent variable is related to the mediator (Time 4 behavior problems); and (3) the association between the independent and dependent variables is reduced or eliminated after the mediator is entered into the analysis.
In addition to the quantitative analyses, we compiled qualitative data from the Daily Diary Study. We provide brief excerpts from these interviews to illustrate the relationships between the health and behavior problems of the adolescent or adult with autism and maternal burden. To protect confidentiality, identifying information has been altered.
Results
Change in Health and Behavior Problems
As shown in Table 2a , paired t-tests indicate that behavior problems and health declined significantly between Time 3 and Time 4. Behavior problems became less severe, while health problems became more severe over the 18-month study period.
Although there was significant mean-level change, the majority of sample members showed profiles of stability in health and behavior problems. As shown in Table 2b , a majority (67.6%) had no change in their health scores from Time 3 to Time 4. However, of those who changed, more (20.7%) experienced poorer health as compared to the proportion that had improved health (11.6%) between the two time points. Behavior problems showed a similar pattern of stability, where a majority (59.3%) had no change in their behavior scores from Time 3 to Time 4. However, fewer members of the sample (14.5%) experienced an increase in behavior problems as compared to the proportion whose behavior improved (26.2%) between the two time points.
Predicting Change in Behavior Problems
For our first research question, we examined the effects of health problems at Time 3 on behavior problems at Time 4 of individuals with autism. Table 3 presents the results of the ordinary least squares hierarchical regression analysis (OLS). In the first step, control variables were entered as well as the Time 3 level of behavior problems. In the second step, the independent variable, Time 3 health, was entered to determine its effect on Time 4 behavior problems, net of the control variables and prior levels of behavior problems.
As expected, higher levels of behavior problems at Time 3 were significantly predictive of later behavior problems, suggesting stability of behavior problems. In addition, individuals with ASD tended to have higher levels of behavior problems at Time 4 if they were younger or had a co-morbid diagnosis of ID. Further, higher levels of maternal education were a significant predictor of higher levels of behavior problems in sons and daughters.
The independent variable of interest, Time 3 health, was entered in the second step. As hypothesized, Time 3 physical health significantly predicted later levels of behavior problems, net of the control variables and the prior level of behavior problems. Those who rated their health as worse at Time 3 showed a pattern of increasing behavior problems over time. The addition of this variable accounted for a 2.3% of the total variance.
The following quotation from a mother in the Daily Diary Study speaks to how the child's health problems affected her daughter's behavior:
Kelly had another episode with her gastric reflux today. When she has a full blown episode like this she gets self injurious. She'll hit herself or try to hurt herself by hitting other things. I had to restrain her until her medication started working.
Mediation of the Relationship between Health and Maternal Burden
Our second research question examined whether behavior problems mediated the relationship between health problems and maternal burden. Regarding the predictors of maternal burden, as shown in Table 4 , Step 1, better child health at Time 3 was related to lower levels of maternal burden at Time 4, net of control variables, satisfying Baron and Kenny's (1986) first criterion for mediation. As shown in Table 1 , the measure of child behavior problems was significantly related to maternal burden (r = .489, p < .001), satisfying the second criterion for mediation. The third criterion for mediation is that the mediator (behavior problems) would eliminate or attenuate the relationship between physical health of the son or daughter with ASD and maternal burden. When the behavior problems variable was entered in the second step, higher levels of behavior problems were associated with higher levels of maternal burden. The effect of physical health on maternal burden was reduced, but still significant. A Sobel test was performed to test the mediation for significance, which determined there was a significant mediation effect (t = −4.06, p < . 001). Thus, behavior problems partially mediated the relationship between physical health and maternal burden.
With respect to the control variables, as shown in Table 4, Step 2, mothers with higher levels of education reported more burden. Also, mothers felt less burdened when their child lived outside the parental home.
In the Daily Diary Study, several mothers spoke about how the physical health of their sons and daughters directly affected their own well-being. As an example, the excerpt that follows shows how the health concerns of her son created an added burden to an already over-extended mother:
At lunchtime we found out Jacob had really high blood sugar, over 400. Whenever you see your child's blood sugar skyrocket, you worry. We figured out that he must have forgotten to take his 24 hour shot for the day. We took care of it. But, it's stressful, because if I hadn't been there and he hadn't taken care of it, well, he'd go into a coma eventually.
The aforementioned quote suggests how their child's health problems were a direct source of stress for these mothers. Another mother spoke of the rippling effects of her child's health problems, leading to behavior problems and eventually increasing her level of stress.
Sue has these stomach problems on most days. I have to drop everything immediately. Many nights I don't get the sleep I need. I feel useless because I can't make her feel better. We've been dealing with this for 5 years and we can't seem to find any treatment to manage it. It limits what activities she can do and what we can do as a family. We can't really go out and do anything until this gets resolved, but I feel depressed and hopeless that it's not going to get better.
Discussion
This study's longitudinal design made it possible to examine the effects of prior health problems on subsequent behavior problems in adolescents and adults with ASD and the data suggested that prior levels of health problems are associated with increasing levels of behavior problems over an 18-month period. While one study of individuals with ASD has examined cross-sectionally the relationship between health symptom and behavior problems (Horvath & Perman, 2002) , this is the first longitudinal study utilizing a large communitybased sample to establish that behavior problems in adolescents and adults with autism are in part due to their health problems. These findings suggest that, for some individuals, interventions focused on ameliorating behavior problems might be more effective if they also target health problems. Future studies are needed to examine the effects of remediation of physical health problems for individuals with ASD, and examine whether these treatments have an impact on the behavior problems and the psychological well-being of their caregivers.
Although adolescents and adults with ASD have elevated levels of health problems, it is important to note that a majority of individuals in this study were rated by their mothers as having "good" or "excellent" health. Further, behavior appears to be improving in these individuals over time, which is consistent with findings based on our larger study over a 4.5 year period . Health, on the other hand, appears to be declining, even over this 1.5 year period, which alone suggests a need for service providers and policymakers to attend to the health needs of adolescents and adults with ASD.
Both health and behavior problems were independently associated with higher levels of maternal burden, which is consistent with previous research literature (e.g., Abbeduto et al., 2004; Hastings et al., 2005; Kring et al., 2008; Lecavalier et al., 2006; Lounds et al., 2008) . The results from this study indicate that health problems may also increase maternal burden by exacerbating behavior problems. This finding suggests yet another potential implication of improving physical health of adolescents and adults with ASD, by reducing both the direct and indirect strains placed on their mothers. Future intervention studies could examine whether addressing the health problems of sons and daughters with ASD is effective in reducing caregiving burden.
The findings of this study have several important implications for social work practice. First, on the policy front, social workers should advocate for better training for health care practitioners, adequate health screening, and health care services for adolescents and adults with ASD. In addition, social workers who work with adolescents or adults with ASD displaying behavior problems should attend to the health needs of their clients and may consider whether a health assessment is in order. Finally, social work practitioners may have an integral role helping to remediate the burdens of family caregivers by helping them find and coordinate health care services and behavior management services. Family psychoeducation programs, which have proven highly effective in helping family caregivers of adults with mental illness (Leff, 2005) and families caring for a frail elders (Hepburn et al., 2005) , could be adapted to help families of individuals with autism learn new strategies to cope with difficult behaviors as well as learn about community resources that might help them better coordinate services for their child's health needs. Such psychoeduction programs, which can be both a source of information and support, are particularly important for families who have an adult child with an autism diagnosis because there currently are no interventions that are available to support such families after their child reaches adulthood.
There are some important limitations of this study that should be noted. While the longitudinal nature of the study provides insights about change over time, these results should be interpreted with caution, as they are based on correlational data, so causal relationships cannot be confirmed. Additionally, all variables are based on subjective reports by mothers. Studies that include more objective indicators of health (i.e., medical exams) and behavior problems (i.e., independent raters) could overcome this limitation, although the measures of health and behavior problems have been shown to be valid indicators. Finally, there is limited diversity in the sample, which limits the generalizability of the study findings.
Despite these limitations, the insights provided by this study provide new information about the directional relationship between health and behavior problems in adolescents and adults with ASD, a population of individuals particularly vulnerable to both problems. It further illustrates how these processes operate together to contribute to maternal burden. Improved understanding of the impacts of physical health on behavior problems in adolescents and adults with ASD can increase our ability to tailor future interventions and policies for both individuals and families. Conceptual model for mediation. 
